Low cost adsorbents such as P. australis have received considerable interest owing to their low cost and easy availability. The aim of the present study was the evaluation of the removal of chemical oxygen demand (COD), biological oxygen demand (BOD), total suspended and dissolved solids (TSS and TDS) using dried P. australis in influent wastewater to a wastewater treatment plant. The results of the COD and BOD concentration reduction with P. australis at optimum operating conditions were determined for maximum reduction and adsorption isotherms. The maximum reduction of COD, BOD, TSS and TDS concentrations under the optimum operating conditions was 92.27%, 93.89%, 94.38% and 91.61%,
Introduction
Owing to the fast depletion of freshwater resources, the world is facing a fresh water crisis. Industrial and domestic activities have polluted the surface water as well as ground water to a greater extent.
1 It is therefore important that a supply of good quality water should be available for various activities. However, this is becoming gradually more difficult in view of the major pollution caused by industrial, agricultural and domestic activities. These activities produce wastewater with both inorganic and organic pollutants, which result in water pollution.
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In rural, urbanized villages and small towns in most developing and poor countries, sewage is discharged in open drain branches. Wastewater treatment services do not exist in these areas. Wastewater collects in low lying areas or ows to open water ponds, creating a dangerous source of health threat. The conventional wastewater treatment systems are not suited for the reorganized uses for these residents. There is a critical need to develop simple, inexpensive methods and cheap strategies to treat sewage from villages, towns and cities in developing and poor countries. Chemical oxygen demand (COD), biochemical oxygen demand (BOD) and total organic carbon are measured as organic pollutants of wastewater. 3 Wastewater treatment includes treatments such as physical, chemical and biological for removal of different pollutants from wastewater. The physical removal treatments includes screening and bar racks. The secondary treatments include biological treatments, such as activated sludge and trickling lters. Methods for organic matter removal, including various biological and non-biological methods, such as adsorption and membrane separation, can be used efficiently for removal of organic matter and heavy metals. 4 Among these accessible procedures, adsorption is the most appealing choice for its simple application and high cost viability. Biosorption is an innovative and cost-effective biotechnology for the treatment of high-volume and lowconcentration complex wastewaters and it has some advantages over some other methods for contamination removal, including high adsorption capacity and exible operation.
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Lignocellulosic biomass derived from agricultural byproducts has proven to be a promising type of raw material for producing activated carbon (AC) owing to its abundance, renewability, and rich carbon content. 8 Stalk or stem biomass is a rich source for activated carbon production with high surface area and adsorption performance compared to that from other biomass, such as leaves or roots, owing to its high volume, low ash, high carbon, and reasonable hardness. 9 Corn stalks, AC is commonly used for organic and contaminant adsorption. The majority of the past research has focused on synthetic feed models made from specic organic materials. For instance, waste materials and byproducts from agriculture and industry have been broadly used for wastewater treatment, such as biogas residues, chitosan, Saccharomyces cerevisiae and biomass. The vast majority of these materials are nanomaterials, which have extensive surface regions, simple change, and expansive number of dynamic destinations for overwhelming metal evacuation. However, these materials still suffer from drawbacks, such as complex preparation process, as well as difficulty in separation and regeneration. 19 Recently, natural materials have attracted increasing attention as adsorbents for heavy metals because of their renewable and biodegradable properties, such as walnut shells, coir pith, apricot stones, almond shells, hazelnut shells, silk cotton hulls, maize cobs, coconut coir dust, peach stones, and sugarcane bagasse. 20 Phragmites australis (reed) is an extensive perpetual grass found in wetlands all through calm and tropical locales of the world. P. australis is a warm season plant and it is well-known to have wide climatic tolerance. It can mature up to 6 m high, is seemingly perpetual and contains high levels of lignin and cellulose. The properties of P. australis not only give a possibly economical material for wastewater treatment, yet in addition help surface adjustment by methods for gathering extraordinary quantities of hydroxyl (OH) on its surface. Hence, P. australis has been utilized for quite a long time for the removal of a vast array of metals and metalloids from amphibian frameworks and wastewater. 21 P. australis is a very promising biosorbent because of its dense growth and its spreading root system. In addition, it has the ability to resist hostile environmental surroundings, such as alternating wet and dry conditions, elevated CO 2 levels and high temperature. For all the previous reasons, P. australis is considered as one of the most effective water clearing plants for the tropics. P. australis has played a vital role in land reclamation. 22, 23 Although, there are different advantages of Phragmites australis, nearly no available studies exist in COD, BOD, TSS and TDS removal.
The best harvesting conditions can take place in the seed maturation stage and when the ne leaves become dry. To reduce insect and fungal attacks, moisture content should be eliminated as much as possible. To take benet of the most durable part of the stem, it should be cut as close to the ground as possible. The stems with cut ends aligned are loosely tied in small bundles and combed to remove debris and ne leaves. Usually, an area is selected and all P. australis within that area is harvested. The cut reeds are sorted into bundles containing stems of even thickness and length. The taller and thicker stems are the most prized and of the highest quality. P. australis needs 1.6-2.0 hectares to cover 140 m 2 . Handling aer harvest is vital.
Freshly cut stems, complete with leaves, are tied into bundles and le to stand for a few days, allowing the leaves to transpire and reduce the starch content of the stem. This method, called "clump curing", reduces attack by borer beetles, but has no effect on termites or fungi. Efficient resistance to termites, most types of fungus and re is attained principally by chemical treatment. Dry, well-ventilated storage is essential. 24 Reeds are one of the most frequent and dominant species in wetlands all over the world. In some cases, reed cutting can remove the N and P from the wetland, which accelerates eutrophication by pumping up nutrients from the sediments.
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This research mainly focused on the removal of organic pollutants from wastewater inuent directly to wastewater treatment plants. The objective of the present work was to investigate the effectiveness of Phragmites australis as a biosorbent for the removal of COD, BOD, TSS and TDS from domestic wastewater. The focal goals of this study are to:
(i) Characterize the synthesized biosorbent by scanning electron microscopy (SEM) and Fourier transform infrared spectroscopy (FTIR).
(ii) Systematically evaluate the inuences of various experimental parameters, such as biosorbent dose, contact time, pH, agitation speed and initial COD, BOD, TSS and TDS concentrations on adsorption performance.
(iii) Reveal the mechanisms of COD, BOD, TSS and TDS adsorption onto dried Phragmites australis biomass by determination of COD, BOD, TSS and TDS sorption kinetics, characterize COD, BOD, TSS and TDS sorption isotherms and compare sorption properties to those of other adsorbent materials. The study represents a milestone in the use of dried Phragmites australis biomass for future applications.
Materials and methods

Collection and composition of wastewater
Wastewater samples were taken from EL Keanayat wastewater treatment plant, Zagazig City, Sharkiah, Egypt aer primary treatment. Wastewater can have a major adverse impact on water quality in terms of biological oxygen demand (BOD), chemical oxygen demand (COD), total suspended solids (TSS), and total dissolved solids (TDS). Table 1 displays the maximum  allowable effluent discharge standards for pH, COD, BOD, TDS,  and TSS (according to the Egyptian law 48/1982 for irrigation  water) . Additionally, the table summarizes the main characteristics of the wastewater parameters as average values, i.e. average measurements for readings through a year. All analyses were conducted according to the standard methods for the examination of water and wastewater. Chemical oxygen demand (COD) was measured by the closed reux colorimetric method. Biochemical oxygen demand (BOD) was measured by the 5 days test method (see ESI S 1 †). Total suspended solids (TSS) were measured aer ltration and drying at 103-105 C.
Settleable solids were measured by the gravimetric method. Total dissolved solids (TDS) were measured from the ltered liquid by the gravimetric method. The pH of aqueous solution was adjusted to 4-9 by addition of NaOH (0.1 M) or HCl (0.1 M). Table 2 .
Biosorbent preparation and its characterization
Instruments
The pH was determined by using a pH meter (AD1000). All the chemicals used in the study were analytically pure and were purchased from local suppliers in Egypt. Stainless-steel sieves (Standard Sieves Dual Manufacturing Co., USA) were used to obtain the biosorbent with a denite particle size. All physicochemical analyses were performed according to the standard methods for examination of water and wastewater (APHA, 1998). The surface of the studied biosorbent, before and aer the biosorption process, was analyzed and photographed using a scanning electron microscope (JEOL JSM-6510LV SEM, USA) equipped with energy dispersive X-ray spectroscopy (EDX). A Fourier transform infrared (FT-IR) spectrometer (JASCO 4100, USA) was used to detect the main functional groups responsible for organic load biosorption. The spectra were collected using an FT-IR instrument equipped with a diffuse reectance accessory within the wavenumber range of 400-4000 cm À1 .
Batch biosorption procedure
The rst part of this study aimed at determining the optimum operating parameters for organic load biosorption. This included the effects of pH (4 to 9), biomass dosage level (0.5 to 3.5 g L
À1
), contact time (10 to 180 min) and agitation speed (120-300 rpm) with a plant particle size <0. 15 , respectively, at the optimum adsorbent dose, contact time, pH and agitation speed identied from the rst part.
Biosorption isotherm models
Adsorption isotherms are harmony conditions that regularly express the measure of the adsorbate on the adsorbent as a component of its concentration. The linear form of the Langmuir isotherm refers to the Langmuir equation. 26 The logarithmic form of the Freundlich model refers to the Freundlich equation 27 (see ESI S 3 †).
Kinetic studies
The adsorption rates of COD, BOD, TSS, and TDS were studied at different time intervals (10-180) min using initial concentrations of 1100, 655, 445 and 834 mg L À1 , respectively, at the optimum adsorbent dose, pH and agitation speed. The modeling of the adsorption kinetics of COD, BOD, TSS and TDS for P. australis were checked by two common models, pseudorst-order and pseudo-second-order. 28 The details of the equations are summarized in S 3 (see ESI S 3 †).
2.6.1 The pseudo-rst-order kinetic model. The pseudorst-order model can be expressed by eqn (1-S 3 ) . The values of log(q e À q t ) were calculated from the kinetic data and plotted against time, t. A linear t to the experimental data gives a straight line with a slope k 1 /2.303 and an intercept of log(q e ) (1) .
where, q t is the amount of COD, BOD, TDS & TSS adsorbed at time t (mg g À1 ); k 1 is the rate constant of pseudo-rst-order in mg g À1 min À1 . (2-S 3 ) . The values of t/q t were calculated from the kinetic data and plotted against time, t. A linear t to the experimental data should give a straight line with a slope 1/q e and an intercept 1/(k 2 q e 2 ) (2).
where k 2 is the pseudo-second-order rate constant in g mg À1 min À1 .
Statistical analysis
Single analysis of variance (ANOVA) and simple correlation analysis were applied to the numerical data in this study. Oneway ANOVA (at a signicance level of 0.05) was applied to assess the removal efficiencies of the biosorption capacity.
Interactive response surface methodology (IRSM) is a combination of statistical techniques used for designing experiments, generating models, and estimating the effects of variables. IRSM generates simulated data at combinations of independent variables specied by a designed experiment.
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IRSM was based on a pure-quadratic regression model, eqn (1), to t the experimental results.
where Y is the predicted response of BOD, COD, TSS and TDS removal efficiency (%); x 1 is pH (4-9); x 2 is initial COD, BOD, TSS and TDS concentration (200-1100, 100-655, 89-445 and 166-834 mg L À1 , respectively); x 3 is contact time (10-180 min);
x 4 is agitation speed (120-300 rpm); x 5 is biomass dosage (0.5-3.5 g); ß 0 is the model intercept; ß 1 , ß 2 , ß 3 , ß 4 , and ß 5 are the 
Results and discussion
3.1 Characterization of raw and polluted P. australis dried biomass 3.1.1 FTIR spectroscopy. Fig. 1 shows the FTIR spectrum of Phragmites australis dried biomass before and aer biosorption. The FTIR spectra of both the raw and adsorbent (loaded) plant biomass show that the band at 3434.6 cm À1 displays the distinguished broad -OH alcoholic groups of the cellulose and lignin structure. Surface functional groups observed on Phragmites australis before and aer COD, BOD, TSS and TDS biosorption using FTIR are illustrated in Table 3 . In addition, it shows a band at 2923.5 cm À1 assigned to the CH stretching of methyl and methylene groups. Bands at 1627.8, 1551.45 cm À1 are assigned
for C]C alkene and aromatics, respectively. The band at 1437.7 cm À1 is attributed to the CH 2 of cellulose, hemicellulose and lignin. The band at 1375.9 cm À1 is for the ether group C-O. The strong band at 1098 cm À1 is assigned to O-H bending vibration. Bending of C]C bonds appeared at 793.5 cm À1 . The results reveal that a large amount of chemical functional groups were preserved and generated on the surface of P. australis, which might enhance its adsorptive properties.
Scanning electron microscopy (SEM) studies.
The overall morphology and microscopic porous structure of the samples can be clearly seen from the SEM images, as illustrated in Fig. 2A -D. In this study, SEM photomicrographs of P. australis at a magnication power of 2500Â showed the morphology of P. australis raw dried powder, as shown in Fig. 2A and B. SEM photomicrographs of the organic load and P.
australis at a magnication power 2500Â and 1000Â showed the morphological changes to P. australis aer biosorption, as shown in Fig. 2C and D. The SEM micrographs of the raw dried powder of P. australis show irregular particles in the range of few micrometers to few hundred micrometers. The surface of the raw dried biomass is uffy and rough, showing a regular and compact surface structure with bers arranged in bundles. The enhanced pictures exhibit big squares that contain channels, and the dividers of channels contain numerous bigger pores, as pointed to by arrows I and II. It can also be observed in Fig. 2A and B that the surface of the raw dried biomass is cleaner than the surface of the dried biomass aer adsorption of the organic loads of COD, BOD, TSS and TDS. The surface morphology of the dried P. australis biomass varied and organic load molecules accumulated on the biomass surface, indicating that the organic load adsorption had occurred at the surface, as pointed to by arrows III and IV. As presented in Fig. 2C and D, the organic load particles formed aggregates of various shapes and sizes. Aer adsorption of COD, BOD, TSS and TDS, the pores ended up undetectable in light of the fact that the exterior biomass surface had been covered by the organic load. SEM analysis demonstrated the high affinity of P. australis for the immediate natural burdens, conrming the adsorption procedure.
Biosorbent dose
The effect of adsorbent dosage on the percentage COD, BOD, TSS and TDS removal from 250 mL of wastewater aer 20 min is shown in Fig. 3 . The percentage removal of COD, BOD, TSS and TDS increased as the P. australis dosage increased and reached equilibrium at a dosage of 3.5 g. The increase in the adsorption of the COD, BOD, TSS and TDS by P. australis may be ascribed to availability of more binding sites and the high surface area. Aer the addition of 3.5 g, the percentage removal of COD, BOD, TSS and TDS increased rapidly from 9.55% to 38. 
where V is solution volume in liters, and m is the biomass weight in grams. TDS, respectively. The relationship between uptake and dosage appears to be in contrast to the trend of COD, BOD, TSS and TDS removal. This indicates a decrease in adsorption capacity per unit mass of sorbent with the increase in sorbent dosage, potentially mitigating to some extent the trend observed in Table 4 Parameters of the reaction kinetics (pseudo-first-order, pseudo-second-order) for COD, BOD, TSS and TDS biosorption using Phragmites australis (at room temperature of 25.00 AE 3.00 C) increasing removal efficiency with sorbent dosage. Interference among binding sites owing to increased biosorbent dosage cannot be ruled out as this will result in low specic uptake.
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The optimum adsorbent dosage for COD, BOD, TSS and TDS removal from aqueous solution by P. australis was 14 g L À1 .
Effect of contact time and adsorption kinetics
The optimum contact time required for the adsorption of COD, BOD, TSS and TDS is important as it denes the time required for the adsorbates (COD, BOD, TSS and TDS) to reach an equilibrium state aer contact with P. australis. The effect of contact time on the adsorption of COD, BOD, TSS and TDS onto P. australis is shown in Fig. 4 and 5.
The percent removal of COD increases with increasing contact time and biphasic kinetics are observed in each case. In the rst instant, a rapid removal occurs within the rst 90 min owing to a large number of available surface sites, representing the fast phase. The second stage is a slower adsorption phase process and causes smaller COD adsorption, which ended with an equilibrium point at 120 min. At this point, most of the adsorption sites were already saturated to their maximum uptake capacity. A contact time of 120 min is regarded as the Several kinetic models, such as the pseudo-rst-order, pseudo-second-order and intraparticle diffusion models, have been applied to investigate the adsorption mechanism. 28 The equations of the two kinetic models are expressed in Table 4 , where q t and q e (mg g À1 ) are the amounts of COD, BOD, TSS and TDS sorbed at time t and equilibrium (min), respectively. k 1 and k 2 (mg g À1 min À1 ) are the rate constants of the pseudo-rst-order and pseudo-second order models, respectively. The corresponding linear parameters are presented in Table 4 . Obviously, sorption of COD, BOD, TSS and TDS on Phragmites australis almost achieved equilibrium within the previous 120 min, indicating a high efficiency in sorbing COD, BOD, TSS and TDS. The linear regression coefficients of the pseudo-secondorder model were 0.984, 0.992, 0.983, and 0.961, while they were 0.825, 0.844, 0.886, and 0.889 for COD, BOD, TSS and TDS, respectively, for the pseudo-rst-order model. Moreover, the equilibrium sorption amounts for COD, BOD, TSS and TDS calculated by the pseudo-second-order model were in good agreement with the experimental results as presented in Table  4 . The above results indicate that sorption of COD, BOD, TSS and TDS on Phragmites australis could be described well by the pseudo-second-model, representing heterogeneous surface adsorption. This model claries the basis of the adsorption process, including the associations of valence powers or electron trade amongst the adsorbent and adsorbate.
28 COD, BOD, TSS and TDS could be well correlated with the pseudo-second order-model representing the heterogeneous surfaces adsorption. Consequently, the sorption mechanism is ascribed to chemisorption.
pH effect
The effect of pH on the adsorption of COD, BOD, TSS and TDS at an equilibrium contact time of 120 min is shown in Fig. 6 . It is demonstrated that the adsorption percentage of COD, BOD, TSS and TDS onto P. australis increased with an increase in the pH from 4.0-7.0 and reduced in alkaline solution. This trend is explained by the competitive adsorption between aqueous H + ions and COD, BOD, TSS, TDS on the surface-active sites of P. australis at lower pH. A positive charge causes strong electrostatic interactions between COD, BOD, TSS and TDS and P. australis. 32 The amount of COD, BOD, TSS and TDS removal increased gradually from 81.55%, 87.02%, 86.29%, and 81.18% to 92.27%, 93.89%, 94.38%, and 91.61%, respectively, with an increase in pH from 4 to 7, with (r 0.998, p 0.002), (r 0.979, p 0.021), (r 0.976, p 0.024) and (r 0.996, p 0.004) for COD, BOD, TSS and TDS, respectively. Similar behavior was observed for q e , which enhanced to 72. 50 
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Agitation speed effect
The maximum COD reduction was observed at 150 rpm, as shown in Fig. 7 . Above 150 rpm, the loosely attached molecules might re-enter into the adsorbate, lowering the % COD reduction. Therefore, we kept the agitation speed at 150 rpm. The maximum removal efficiencies of 92.27%, 93.89%, 94.38% and 91.61% were recorded at agitation speeds from 120 to 150 rpm for COD, BOD, TSS and TDS, respectively, aer which a signi-cant decrease was noticed. When the agitation speed was increased from 150 to 300 rpm, the results were as follows: (r -0.989, p 0.001), (r -0.988, p 0.002), (r -0.959, p 0.01) and (r -0.970, p 0.006) for COD, BOD, TSS and TDS, respectively. Moreover, q e showed a dramatic increase from 68.64, 40 COD, BOD, TSS and TDS, respectively, with an increase in agitation speed from 120 to 150 rpm. In some instances, external lm diffusion can affect the biosorption process. Constant agitation can minimize this mass transfer resistance. Moreover, by increasing the agitation rate, the diffusion rate of a solute from the bulk liquid to the boundary layer liquid surrounding particles becomes higher owing to enhanced turbulence as the thickness of the liquid boundary layer decreases.
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However, further increase in agitation speed from 150 to 300 rpm showed a decrease in the q e to 52.50, 35.00, 16.36, and 28.71 mg g À1 with the same (r, p) for the COD, BOD, TSS and TDS removal ratio, respectively. This may be attributed to the dispersal of the adsorbent particles. Because of the fact that the adsorption process is mass transfer motivated, it is thought that the liquid side mass transfer resistance controls the process. Thus, the adsorption rate increases with bulk motion. 35 With increasing blending speed, the adsorption limit of COD, BOD, TSS and TDS diminished. This behavior was interpreted as follows: higher agitation speed lowered the biosorption capacity owing to utilization of all biosorption sites of the adsorbent. In addition, there is a higher chance that desorption could occur at high speed. 34 This shows that the dispersion of COD, BOD, TSS and TDS particles from wastewater solution to the surface of the adsorbent and into the pores happens effortlessly and rapidly. This is because of the powder of the adsorbents. Restabilization of suspended will happen when the blending speed is quick. This phenomenon can be obviously observed for readings of blending speeds above 150 rpm. 36 Phragmites australis showed the most stringent changes, which proves that Phragmites australis is a good binder.
Effect of initial COD, BOD, TSS and TDS concentrations and adsorption isotherms
To evaluate the effect of COD, BOD, TSS, and TDS concentration on the adsorption efficiency removal, the adsorption process was gradually tested within the average COD, BOD, TSS and TDS concentrations in the examined wastewater, as previously displayed in Table 1 , to low concentrations. The results in Fig. 8a , b and c revealed that increasing the initial COD, BOD and TSS concentrations could linearly decrease the removal ratio from 97.5%, 98.9%, and 98.48% to 92.27%, 93.89%, and 94.38%, with (r À0.981, p 0.001), (r À0.984, p 0.000) and (r À0.997, p 0.000), respectively. While, as shown in Fig. 8d , increasing the initial TDS concentration linearly increased the removal ratio from 88.41% to 91.61% with (r 0.989, p 0.001). On the other Table 7 Comparison between the present study and previous studies for the biosorption of COD from point of view of isotherm models 30 .00, and 54.57 for COD, BOD, TSS and TDS, respectively, with (r 1, p 0.00) for all. It was evident that the increase in the initial concentration of COD, BOD and TSS resulted in a decrease in the percent removal and an increase in the uptake capacity. The higher initial concentrations of COD, BOD, TSS and TDS with a xed amount of adsorbent will result in higher equilibrium concentrations of COD, BOD, TSS and TDS in the solution, which contributes to higher amounts of COD, BOD, TSS and TDS being adsorbed by the adsorbent. At low COD, BOD and TSS loads, the number of ions competing for the existing active sites in the biomass was reduced, and therefore there was adequate surface area to lodge the COD, BOD and TSS available in the solution. In addition, the reduction of the number of available adsorption sites on the surface is one of the reasons for the reduction because the ratio of COD, BOD and TSS molecules to the adsorbent dosage rises with the elevation of the initial load. In the case of TDS, reduction of TDS, in general, has been found to increase with the increase in the initial TDS concentration. This was expected because the resistance to the diffusion of the adsorbate from the solution decreases with the increasing adsorbate load. The adsorption rate rises owing to the increasing driving force.
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For more information about Langmuir parameters, the reader is referred to ref. 26 . As shown in Table 5 , and 0.9948, 0.9594, 0.9912, and 0.9985 for COD, BOD, TSS, TDS, respectively. A negative value for the intercept, in essence the uptake of the monolayer, is physical nonsense. It may be due to the decrease in charge density and adsorption capacity as the ionic radius increases. The R L for Table 8 Comparison between the present study and previous studies for the biosorption of COD from point of view of kinetics models When n is greater than 1, the isotherm is concave downward; when n is less than 1, the isotherm is concave upward; and when n is equal to 1, the isotherm is linear. For TDS, it shows an n value of less than 1. Owing to the higher ionic radius of TDS, adsorption of TDS on Phragmites australis is very difficult and for this reason it may show less exchange capacity. Since n is between 1 and 10, this indicates favorable adsorption of COD, BOD and TSS onto Phragmites australis. As displayed in Table 5 , the regression coefficients R Tables 6, 7 and 8 shows the efficiency reported for some materials, The experimental capacity of Phragmites australis was the fourth best aer chitosan akes, avocado peel carbon and lignite activated coke, because the amount of adsorbed COD at equilibrium decreases when the COD concentration is reduced. This resulted in a driving force induced by the reduction in the concentration gradient.
The present authors found that Phragmites australis dried biomass is an effective biosorbent for COD, BOD, TSS and TDS, removal exhibiting the potentiality of nding locally available materials with high pollutant maintenance limit with regards to use in wastewater treatment. Phragmites australis kept the rst position in the capacity for COD biosorption, as indicated in Table 7 according to Langmuir, in addition to the highest removal ratio among the different adsorbents. Phragmites australis is very interesting and novel owing to organic pollutants in wastewater being a worldwide problem. Another important point obtained in this study is the use of clean technology, Fig. 9 Interactive response surface methodology for estimation of COD removal efficiency using the independent variables: pH, initial COD concentration, contact time, agitation speed and adsorbent dose. which is economical and environmentally friendly. Phragmites australis yields high capacity removal of all studied pollutants at the same time with the same condition with another important result of highest capacity organic pollutants removal at pH 7. Furthermore, the majority of the studies published in the literature focused on synthetic solutions with only a few studies using real wastewater. The results revealed that the adsorption of organic contaminants on crude Phragmites australis was positive in different manners. For example, ease of accessibility to Phragmites australis, delegated amongst the most adequate feedstock for approval, simple exibility to various environmental conditions, high biomass protability and capacity to accelerate development. Additionally, it is a natural and cost-effective material. Preparation of dried Phragmites australis biomass powder is costless compared to other materials that require chemical additives. These chemical additives are ecologically unsafe. The current study demonstrated that COD removal costs by Phragmites australis are estimated at 0.28-0.3 $ per g COD removal. On the contrary, the COD removal costs using Fig. 11 Interactive response surface methodology for estimation of TSS removal efficiency using the independent variables: pH, initial TSS concentration, contact time, agitation speed and adsorbent dose. chitosan akes, lignite activated coke and avocado peel carbon were estimated to be 15 and 10 $ per g COD removal, respectively, i.e. the cost is 30-50 times higher compared to Phragmites australis. Owing to the fact that few researchers have reported on TSS and TDS removal by adsorption, the efficiency comparison among different adsorbents was conducted only for COD and BOD. This was because COD and BOD are considered the main indicators of water pollution. Recently, the present authors published a study of the use of Phragmites australis dried biomass in oily wastewater. It achieved high capacity in retaining COD, BOD and oil and grease. 23 It can be deduced that Phragmites australis achieved high efficiency in low and high initial pollutants concentrations.
Statistical analysis for COD, BOD, TSS and TDS
Positive linear effects of the independent variables "adsorbent dose", and "contact time" on COD, BOD, TSS and TDS removal were observed to be signicant (p < 0.05), as listed in Tables 9-12 . Additionally, a signicant negative effect (p < 0.05) was perceived for the quadratic term of "contact time". However, insignicant effects (p > 0.05) were determined for the linear terms of "initial COD, BOD, TSS and TDS concentration", "agitation speed", and "pH", as well as quadratic terms of "adsorbent dose", "pH", "agitation speed", and "initial COD, BOD, TSS and TDS concentration". 
where Y is the predicted response of COD, BOD, TSS and TDS removal efficiency (%); X 1 is adsorbent dose (0.5-3.5); X 2 is agitation speed (120-300 rpm); and X 3 is contact time (10-180 min). The plot in Fig. 9-12 show a contour of IRSM for COD, BOD, TSS and TDS removal efficiency against the studied factors, pH, initial COD, BOD, TSS and TDS concentration, time, stirring speed, and biosorbent dose. The IRSM plots a 95% simultaneous condence band for the tted response surface as two red curves. The studied factors affecting the biosorption process are exhibited in the text boxes on the horizontal axes and are noticeable by vertical dashed blue lines in the plots. The green lines in Fig. 9-12 correspond to the purequadratic regression models in eqn (1) 
Conclusion
The present study concluded that FTIR results reveal that a large amount of chemical functional groups were preserved and generated on the surface of P. australis, which might enhance its adsorptive properties owing to the functional groups -OH, CH 2 , C-O and C]C. The SEM analysis showed conrmation of the adsorption process owing to the surface texture of the examined plant. This study demonstrated that P. australis can reduce the organic load (COD, BOD, TSS and TDS) in domestic wastewater and achieved higher removal ratios compared to other agrowastes. It was also found that a large amount of chemical functional groups were conserved on the surface of P. australis, with great biosorption capacity of COD, BOD, TSS and TDS at pH 7. The batch adsorption study showed that the removal of COD was well-matched with the Langmuir isotherm model. This demonstrates that the adsorption occurred by monolayer adsorption because of particular holding amongst the adsorbate and the surface of the adsorbent. On the other hand, the removal of COD, BOD, TSS and TDS was well-tted with the Freundlich isotherm model, which indicates multilayer adsorption taking place on the innumerous heterogeneous P. australis surface adsorption sites. This was also supported by the results of the kinetic study for COD, BOD, TSS and TDS removal, which were obtained following the pseudo secondorder model. This model, used to clarify the probability of overall adsorption properties, was suited to the chemical adsorption mechanism. Finally, IRSM was employed for modeling and optimizing COD, BOD, TSS and TDS biosorption on P. australis. The nature of water aer treatment was observed to be appropriate for water system utilization and for coordinated release into streams.
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